The antioxidant activities of Chlorella in vitro and in vivo were investigated. Chlorella showed a strong antioxidant effect compared to various vegetables in a 1,1-diphe nyl-2-picrylhydrazyl (DPPH) radical scavenging assay. To evaluate the antioxidant and anti cataract effects in vivo, a 7.3% Chlorella powder was fed to rats with Streptozotocin-induced diabetes for 11wk. At the end of the experiment, Chlorella had decreased the blood glycated hemoglobin (hemoglobin Alc) and serum cholesterol levels significantly, however, it had not affected the serum glucose concentration. The serum lipid peroxide value (TBARS value) in the rats fed Chlorella was lower than that of the control rats. In the liver and kidney, Chlorella also reduced chemiluminescent intensities. In addition, it delayed the development of lens opacities. The lens lipid peroxide content of the rats fed Chlorella was lower than that of the control rats, however the differences were not significant. These results indicate that Chlo rella has antioxidant activity and may be beneficial for the prevention of diabetic complica tions such as cataracts.
tocopherol (250ppm). However, the antioxidant activ ity of Chlorella has not been fully clarified and there is no published study describing the antioxidant effect of Chlorella in rats with streptozotocin-induced diabetes (STZ rats). The aim of this study was to determine the antioxi dant activities of Chlorella both in vitro and in vivo. As antioxidant activity in vitro, the scavenging of the 1,1 diphenyl-2-picrylhydrazyl (DPPH) radical was mea sured. To determine the antioxidant effect of Chlorella on diabetes, we investigated the effect of Chlorella on the glycated hemoglobin (hemoglobin Air) and lipid perox ide (TBARS) levels in the serum of STZ rats. Miyazawa and Kaneda have shown that the chemiluminescence of rat tissue homogenates was related to lipid peroxidation accompanied by the formation of singlet oxygen and free radicals (12) . Thus, we measured the chemilumi nescent intensities of kidney and liver homogenates to discuss the antioxidant activities of Chlorella. In addi tion, we also investigated the effect of Chlorella on the prevention of cataracts, a diabetic complication, in STZ rats.
MATERIALS AND METHODS
Determination of antioxidant activity by DPPH radical scav enging assay Materials. Viable Chlorella (Chlorella regularis) cells were obtained from Nihon Chlorella Co., Ltd. (Tokyo, Japan). Vegetables, such as green sweet pepper, spinach, cabbage, and celery, were purchased in a local market in Tokyo, Japan. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) Diets. STZ rats were fed a control diet or Chlorella (CHL) 7.3% diet (7% without moisture). The Chlorella (Chlorella regularis) powder was manufactured by Nihon Chlorella Co., Ltd. (Tokyo, Japan). The compositions of the experimental diets are given in Table 1 . The casein, corn oil, and vitamin mixtures were all vitamin E free. between the two groups (data not shown). Serum glu cose, total cholesterol (TC), triglyceride (TG), and blood glycated hemoglobin (HbAlc) levels of the rats at the end of the study are shown in Table 2 . Serum glucose concentrations did not differ significantly between the groups. However, HbAlc levels were significantly lower in the Chlorella group than the control group. Chlorella also decreased the serum TC level, but did not affect the serum TG concentration. The effects of Chlorella on the lipid peroxide content of serum and lens are indicated in Table 3 . The lipid perox ide level in the serum was significantly decreased in Chlorella-treated rats. The level in the lens was also lower than that of the control rats, but not significantly.
The chemiluminescent intensities of liver and kidney homogenates are shown in Table 4 . Chlorella decreased the chemiluminescent intensities of both the liver and kidney significantly.
The development of cataracts is shown in Fig. 2 . The grading of cataracts began at 8wk. The onset did not differ between the groups in 8wk.
However, Chlorella lowered the grading score at 10 and 11wk significantly.
DISCUSSION
In the present study, we evaluated the antioxidant ac tivity of Chlorella using the DPPH radical scavenging as say, focusing on comparisons with selected vegetables known to have antioxidant potency. In Japan, Chlorella is used as a supplement to improve the low intake of vegetables and fruits, because the components of Chlo rella are similar to those of green-yellow vegetables. Cao et al. (17) investigated the antioxidant activity of com mon vegetables, including spinach, cabbage, and celery, based on the oxygen radical absorbance capacity (ORAC). In their study, the rank order in terms of anti oxidant score was spinach>cabbage>celery (17) . Ou et al. (18) reported that green sweet pepper had very strong activity in common vegetables based on ORAC and ferric-reducing antioxidant activity and that the rank order of activity was green sweet pepper>spin ach>cabbage. An extract of green sweet pepper ob tained with 80% ethanol inhibited the autooxidation of linoleic acid better than green cabbage (19). As a gen eral trend, our results were consistent with those re ported in other literature (17) (18) (19) , except for the ranking order of celery and cabbage. The present study showed that the antioxidant activity of Chlorella is simi lar to that of green sweet pepper or spinach, thus it is estimated that Chlorella has high antioxidant activity compared to common vegetables.
The daily intake of Chlorella is generally 3-9g (as tab lets of dried powder) in Japan. The vegetables shown in Fig. 2 contain over 90% moisture. Consequently, the daily intake of Chlorella is equal to each wet weight of the vegetables, such as 67-201g of cabbage, 50-150g of celery, 39-117g of spinach, and 26-78g of green sweet pepper on the basis of DPPH radical scavenging activity. We also found that Chlorella reduced the chemilumi nescent intensities of liver and kidney homogenates. Chemiluminescence is generated via free-radical reac tions and is related to lipid peroxidation (12, 28) . In a tocopherol-deficient rats, liver and kidney chemilumi nescent intensities were significantly higher than in normal rats (12) . These results suggest that Chlorella exhibits antioxidant activity and reduces lipid peroxida tion and oxidative stress in the liver and kidney of STZ rats.
Furthermore, in this study, serum cholesterol levels were lower in the rats fed Chlorella than the control rats. The Chlorella indigestible fraction had good bile acid binding capacity and improved the lipid metabolism in the cholesterol-fed rats (11) . Kamata et al. (29) has re ported that the serum cholesterol level in mice with STZ-induced diabetes was reduced by the administra tion of cholestyramine, a hypocholesterolemic drug that enhances fecal bile acid excretion by an anion ex change reaction. Regarding this result, the Chlorella in digestible fraction may exert a hypocholesterolemic effect in STZ rats. 
